The Landau definition of the effective Hamiltonian (of the nonequilibrium free energy) is realized in a microscopic theory. According to Landau remark, the consideration is based on classical statistical mechanics. In his approach nonequilibrium states coinciding with equilibrium fluctuations are taken into account (the Onsager principle). The definition leads to the exact fulfillment of the Boltzmann principle written in the form with the complete free energy. The considered system is assumed to consist of two subsystems. The first subsystem is an equilibrium one. The second subsystem is a nonequilibrium one and its state is described by quantities that are considered as order parameters. The effective Hamiltonian is calculated near equilibrium in the form of a series in powers of deviations of the order parameters from their equilibrium values. The coefficients of the series are expressed through equilibrium correlation functions of the order parameters. In the final approximation correlations of six and more order parameters are neglected and correlations of four parameters are assumed to be small that leads to the corresponding perturbation theory. The developed theory is compared with the phenomenological Landau theory of phase transitions of the second kind. The obtained results are concretized for paramagneticferromagnetic system. The consideration is restricted by paramagnetic phase.
Introduction
Following Landau [1] modern theory of phase transitions of the second kind is based on an expression for the thermodynamic potential of a nonequilibrium state described by equilibrium variables which are natural for this potential and some addition of variables a  named order parameters. The considered system is assumed to consist of two subsystems. The first subsystem is an equilibrium one with the temperature T . The second subsystem is a nonequilibrium one and its state is described by the order parameters. In the vicinity of the phase transition temperature c T parameters a  are considered to be small and, for example, the Landau free energy has the form of a truncated expansion in series of a  powers 1 2 3  1  2  3  1 2 3 4  1  2  3  4   1 2 3  1 2 3 4 , , ,
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The proposed by Landau theory considers functions of , T n in this expression as unknown ones, but their general properties were discussed in details by him. However, Landau did not propose a microscopic theory for calculating these functions. Nevertheless, he systematically considered [1] [2] [3] 
potential ( , , )
F T n  as result of the Legendre transformation of the equilibrium free energy ( , , )
F T n h in the presence of external field a h of the form ˆâ
(hereafter cap over a quantity g denotes its microscopic value ĝ ; in the considered here case of a system described by classical mechanics ĝ is a function of the phase variables). A little bit later this idea was independent by elaborated in details by Leontovich [4, 5] . This approach (the Landau-Leontovich definition) gives the function ( , , ) LL F T n  which was systematically investigated in our paper [6] where its realization is constructed in a microscopic theory. First of all, the modern theory of phase transitions of the second kind is a phenomenological one. It is assumed that basic properties of phase transitions do not depend on concrete expressions for coefficient functions in the expansion (1) [7] . However some investigations are devoted to development of a microscopic theory and calculation of nonequilibrium free energy especially. See for example a substantial review [8] of microscopic theory in the vicinity of the critical point of a liquid-vapor system.
In the present paper a general idea of nonequilibrium free energy construction that belongs to Landau too is realized in a microscopic theory. This approach starts from the Boltzmann formula for distribution ( ) w  of order parameter a  in an equilibrium system that is written in the form
where ( , ) F T n is exact equilibrium free energy of the system (the temperature T is measured in energy units). According to Pitaevskii [1] , Landau considered this formula as a definition of nonequilibrium free ( , , ) L F T n  and proposed to name it as the effective Hamiltonian of the system in the space of order parameters a  (see about terminology also [9] ). Formula (2) is the analog of the canonical Gibbs distribution
where Ĥ is the Hamiltonian of the system. Hereafter the notation Ŝp g w g  (4) for average equilibrium value g of a quantity g is used (to be short Sp denotes integration over phase space).
Note, that the Boltzmann formula is not exact one for the Landau-Leontovich definition of the nonequilibrium free energy ( , , ) F T n  (see discussion in [4, 5] ). Exact microscopic expression for distribution function ( ) w  is given by standard expression
Thus, the definition (2), (5) accounts only nonequilibrium states that arise in equilibrium fluctuation. This restriction can be named the Onsager principle that was introduced by him in his theory of the kinetic coefficients symmetry. Finally the Landau effective Hamiltonian is given by the formula
(hereafter variables , T n are omitted from the notation ( , )
. This formula coincides with the Landau expression given in [2] without discussion.
The present paper is constructed as follows. The section 2 develops general theory for calculation of the Landau effective Hamiltonian in a perturbation theory in small order parameters. The section 3 is devoted to an application of the elaborated general theory to paramagnetic-ferromagnetic phase transition.
The Landau effective Hamiltonian
Let us turn to the calculation of the Landau free energy (the Landau effective Hamiltonian) ( )
with account for the notations and formulas used a a du du
The equilibrium function of Gibbs distribution in the presence of external field ˆâ
Here h F is the free energy of the system in the presence of an external field, which we use in calculations as an auxiliary value. Function h F is given by the formula
which allows us to rewrite the expression (7) for Landau free energy in the form
du e e du e e
Let us introduce now generating function ( ) u F for equilibrium averages 1 1ˆˆ.
.. Sp ... 
Obviously, standard identities are true for it
According to (10) , the definition (13) of the generating function ( ) u F gives the following formula for the free energy of the system in the external field
With taking this into account, the expression (11) for the Landau free energy
i.e. such a representation for a nonequilibrium free energy is true
Here the formula is taken into account .. 
was taken into account which is another form of writing the expansion of a function f ( ) x a  in Taylor series in powers of a . So, the following final expression for the Landau free energy is given by the formula
here according to (19),
The integral included in (21) can be precisely calculated only if we restrict ourselves with quadratic form as the expression for ( )
In this approximation we have
and the Landau free energy gets the form
Such an approximation for nonequilibrium free energy can be called the Gaussian one. For small a  the integral (21) can be expanded in series in powers of a 
where
To obtain an explicit expression for the free energy, we should compute the logarithm of the series in (26). This problem is solved by the formula
if we make the following substitution ... 
